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O N  THE C O R R O S I O  METALS I N  FREON 

G .  V.  Karp murs ' k i y , 
V .  G .  P Rus i n  

ABSTRACT. T h e  authors show t h a t  many metals and al loys a re  
s u b j e c t  t o  corrosion i n  freon-11 w h e n  t h e  temperature is  
raised to 300 degrees C and t h e  pressure increased u p  t o  
60 atm. T h e  most corrosion-resis tant  proved to be  Kh17N2 
steel. 
su f f i c i en t ly  r e s i s t a n t .  A t  t h e  o ther  extreme, copper and 
brass were found t o  be  t h e  l ea s t  r e s i s t an t .  T h e s e  metals 
turned in to  a shapeless mass a f t e r  a short  period of t i m e .  
Also q u i t e  non-resistant were t h e  VTZ-1 titanium al loys 
and V D - 1 7  aluminum a l loy .  

T h e  20, 45, U8, and 4Kh13 s t e e l s  a l s o  proved t o  b e  

The polyfluorochlorohydrocarbons, known a l so  as freons,  are used ch ief ly  '/178l - 
the  r e f r ige ra t ion  industry as cooling agents. But the intense development 

of modern technology leads t o  the  widening of t he  range of f reon appl icat ion.  
Owing t o  t h e i r  good thermodynamic proper t ies  and a number of o ther  pos i t i ve  
fea tures ,  freons have found wide appl icat ion as hea t  carriers i n  turbocom- 
pressor ,  steaminjector,  and a l so  pumpless hermetic machinery [l]. Freons 
a re  a l s o  used as  solvents and as intermediate products f o r  the  synthesis  of 
f l uo r ine  der iva t ives .  Due t o  t h e i r  low bo i l ing  point  freons,  as a ru l e ,  a r e  
used a t  high pressures i n  a large temperature range. 

According t o  [2,3] freons (exceptionally s t a b l e  compounds) do not hydro- 
lyze and therefore  a re  chemically i n e r t  i n  r e l a t i o n  t o  metals. 
authors [4,5],  noting the considerable iner tness  of freons toward metals, point 
t o  the magnesium a l loys  which can chemically r eac t  with freons a t  high temp- 
ra tures  i n  t h e  presence of water vapor. 
ance of bronze, b rass ,  t i n  and lead i n  freons--there a re  very few data ,  and 
ven these a r e  contradictory [6, 71. 

True, some 

As concerns the  corrosion resis- 

We encountered no papers dealing with the study of the corrosion resis- 
tance of metals i n  freons a t  high temperatures and pressures.  These questions 

e of considerable s c i e n t i f i c  and p r a c t i c a l  i n t e r e s t .  

We invest igated the influence of one of t he  most common freons--freon- 
(boi l ing point  23.7C) on the  corrosion of a wide range of metals and al loys 
an unstressed s t a t e  (aluminum, brass ,  copper, carbon and s t a i n l e s s  steels 

d t i tanium a l loys ) .  The corrosion res i s tance  of metals i n  f reon was eval-  
t ed  by t h e  loss  of weight r e l a t i v e  t o  the o r ig ina l  u n i t  area of the simple. 
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-_ The invest igat ions were co a temperature of 300'C 
a f  60 a t m .  The inves t iga t ion  m escribed b r i e f l y  as follows: 
,samples of the metals i n  t h e  sh@ i s k s  20 mm i n  diameter with a 

, were washed t o  remove f 3 mm and a w e l l  PO 
i n  desiccators  and w an accuracy of 0.0001 g. Th 

epared, the  samples were p l a c  
i t h  the  a id  of f luo rop la s t i c  o 
vers .  To check the pressure,  iners  were connected t o  m 
e pressure ins ide  the container was determined by the  choice of the volume 

ppor t - in  a s teel  container 
askets ,  were t i g h t l y  c lose 

/179 - 
,- of freon a t  room temperature. 

and maintained fo r  a given t i m e  a t  a temperature of  300'6. 
corrosion products were removed from t h  

The f i l l e d  containers were then put i n  an oven 
After  t h a t ,  the  

samples, which were then washed, 
r i e d  and weighed. 

I 

Our inves t iga t ions  (see tab le)  showed tha t  under the es tab l i shed  condi- 
t i o n s ,  p r a c t i c a l l y  a l l  the above-mentioned metals and a l loys  r eac t  with freon. 
During the  time assigned f o r  the t e s t ,  the  most r e s i s t a n t  t o  corrosion proved 
t o  be Kh17N2 s t e e l .  Nickel-free 4Kh13 s t e e l  i s  somewhat less r e s i s t a n t  than 
Kh17N2 s t e e l .  Carbon s t e b l s ,  regardless of t h e i r  carbon content (0.2-0.8%), 
a l so  proved t o  be qu i t e  r e s i s t a n t ,  d i f f e r ing  only l i t t l e  from s t a i n l e s s  
steels,  while i n  acids o r  neut ra l  e l ec t ro ly t e s  t h e i r  corrosion res i s tance  i s  
many times lower than t h a t  of s t a i n l e s s  s t e e l s .  

Tharough inves t iga t ion  of the sur face  of t he  samples a f t e r  t e s t i n g  showed 
t h a t  it remains p r a c t i c a l l y  unchanged i n  the  case of Kh17N2 s t e e l ,  while t he  
surface of carbon s t e e l  becomes d u l l .  

Copper and brass  were /180 
found t o  be exceptionally 
low-resistant t o  corrosion 
i n  freon-11. Their resis- 
tance was 4-5 times lower 
than t h a t  of carbon s t e e l s .  
During t h e  tes t ,  near ly  the  
e n t i r e  mass of brass  w a s  

I corroded. The p i c tu re  
shows copper and brass  de- 
t e r i o r a t i n g .  

The de ter iora t ion  products 

Brass is  characterized 
by f laky de ter iora t ion .  

of brass  are very unstable-- 
when kept i n  the a i r  they 
decompose a u i t e  rau id lv .  

A 4. I .  

'9. 1 .  Type o f  De te r io ra t i on  o f  Copper (a) accompanied by a weight in -  
d Brass ( b )  a f t e r  7 and 50 Hours (samples crease,  and grow dendri- 
i o r  to  the t e s t  are shown a t  l e f t ) .  

t h e i r  surface while c r y s t a l l i z a t i o n  o 

form copper crystals on 5 

per  from the de te r iora t ion  products 
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;-was not observed i n  t h e  air .  
+onres i s t an t  i n  freon. Its resist ' ne order  lower than t h a t  of ordin- 
:-ary carbon steels. VD-17 aluminum- 
$if the contact i s  of a shor t  durat ion (up t o  7 hours) .  By increasing t i m e  of  

The VTZ-l'titanium a l loy  was found t o  be q u i t e  

a c t i c a l l y  does not  react with freon 

2 contact ,  t h e  losses  of the  metal i n  the a1 

Material 

Steel 20 
S t e e l  45 
U8 Steel 
4Kh13 S t e e l  
Kh17N2 Steel 

VTZ-1 Alloy 

Copper 
Brass 
V D - 1 7  Alloy 

Heat Treatment 

A s  delivered 
Annealed 850°C 
Annealed 8 0 0 " ~  
A s  delivered 
Tempered 1000°C 
Annealed 680°C 
A s  d e l  ivered 
Annealed 500°C 
A s  d e l  i vered 
As delivered 
A s  d e l  ivered 

)y increase m p i d l y .  

n -L 

Loss of Wei 

i f t e r  7 hr.  

0.20 
0.48 

0.12 

0.04 

1.20 

0.30 

312.10 
219.90 

0.00 

h t ( m l  /cmL) '' 

After 50 hr. 

2.00 
3.00 
2.80 
1.40 

00 33 
30 70 

856.20 

11.70 
877.00 

2 ;?Trans 1 a tor  s Note : p robab 1 y mg/cm 
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